tive and qualitative determination of chemical compositions.
There are two different types of X-ray spectrometry technique in conjunction with the electon beam excitation.
One is the wavelength dispersive X-ray spectrometry, using a crystal spectrometer. Although this spectrometer has the excellent energy resolving power, it has some disadvantage for the above mentioned purpose of separate analysis of individual particulate. Moreover, in this system flat specimen surface and considerably high beam currents to produce sufficient X-ray emission are required. The analytical crystals of this system must be varied on the Rawland circle geometry to make up one Bragg angle, and a spectrometer can detect the radiation of only one element at a time. Thus the whole procedure is rather tedious and time consuming.
The other technique is energy dispersive X-ray analysis which permits simultaneous multielement analysis of all elements above atomic number 11. The energy resolving power is rather poor, about one fiftieth as compared with the wavelength dispersive system, however, the considerably small area can be analyzed by this system. On the other hand, this system has several advantages as, 1) Complete qualitative data can be aquired about 30 times faster than the wavelength dispersive system, 2) The detection has a wide allowance for the location and the surface state of specimens, 3) The high efficiency of this system allows sufficient acquisition of data under far lower electron density and smaller probe size, which means the spatial resolving power is improved.
Thus, this system has a good deal of practical convenience despite of some drawback in quantitation.
In recent years, this analytical method has been usefully applied to a variety of biological and environmental materials.1)-7)
Since the relation of asbesti form minerals to human disease has been well docummented,8) -10) individual asbestos fibers and/or body cores in lung tissus have been the subject of observation by transmission electron microscope. Rubin and Maggiore11) demonstrated that the combination of electron optical and X-ray analytical equipments was useful to obtain qualitative and quantitative informations on the fibrous dust in the tissue. Recently, "analytical electron microscope" (AEM) has been developed facilitating observations by the transmission electron microscope (TEM), energy dispersive X-ray microanalysis and selected area electron diffraction (SAED) on the same specimen with an instantaneous switching. However, the quantitative chemical analysis by AEM has not been developed sufficiently up to date.
Chrysotile was found as a very common constituent of the dust from the lung of a rural population group in western industrial countries.
Heppleston") found, however, that only 12-30% of the asbestos fibers in lung tissue were optically visible, but the majority of these fibers were amphibole fibers. Langer et al. 13 ) detected many other kinds of fibers than chrysotile fibers in the lung of dwellers in New York city. Pooley14)
showed also that fibrous minerals other than chrysotile were present in asbestos lung tissue from the Canadian chrysotile mining industry.
To contribute to these problems, this paper describes a new approach to quantitative determination of individual chrysotile fibrils by analytical electron microscopy in con-junction with the result of X-ray fluorescence spectrometry. This method, furthermore, was applied for the observation of chrysotile fibrils in vivo, in order to obtain the information of the changing chemical composion for chrysotile fibrils during their long lasting residence in the rat lung.
MATERIALS AND METHODS

Instrumentation
The AEM used in this study consists of a transmission electron microscope (JEM-100 C), side entry goniometer (SEG), scanning attachment (ASID), and energy dispersive X-ray spectrometer (EDAX). The AEM was operated with accelrating voltage 100 kv.
The TEM shows excellent image capability, and superior SAED capability, and can resolve ultraminute structures. The scanning transmission electron (STEM) image is able to resolve the lattice image of 15 A when the ASID attached to this TEM. The SAED pattern is easily obtained from a microarea on the subject using the SEG, and its chemical compositions of the same area smaller than 200A in size can also be analyzed by the ASID and the NDS. This procedure can be got through without any realigment of the electron microscope. These factors lead to overall ease of operation, accurate morphological identification, and time sparing analysis. The AEM can be easily used for the measurement of characteristic X-ray intensities from fibers of asbestos. While the electron probe is scanned over the specimen, or the selected area, or fixed on a spot position, the elements are detected and computed by the internal minicomputor. They are shown on display or teletype connected with the computor.
The insturument of X-ray fluorescence spectrometry used for this analysis was a type which was especially suitable for light-element such as Si and Mg elements (JSX-60S5 ; JEOL, Co. 
Preperation of standard calibration curves for AEM analysis
In a specimen which is thin enough to be examined by AEM, the intensity of the characteristic X-ray can not be compared directly with the results from a bulk standard specimen, because the observed X-ray intensity is a function of the specimen thickness as well as of the chemical composition. It has been therefore, impossible to apply the EPMA (using wavelength dispersive X-ray spectrometer) to the quantitation of thin foil specimen or small particulates in a lung tissue.
Recently Namaem (1975) proposed a new procedure of quantitative analysis for a thin foil specimen by AEM. The method is considered to be useful for an extremely thin or a very small particle specimen regardless of the thickness or the size of the specimen, as required in our present study. The principle and used abbreviations are given in Appendix. By this method, we can determine directly the absolute weight, grams, of the object elements in a specimen. The weight percent of each element, of course, can be easily calculated when the absolute weight of all the component elements are measured in the specimen. This quantitative method proposed by Namae was used in this study for the determination of Si and Mg contents in chrysotile fibrils. Preperation of standard calibration curves for X-ray fluorescence spectrography
Standard specimens for X-ray fluorescence spectrometry were prepared by mixing the powder of SiO2, MgO, and starch with the respective weight percent as shown in Table 1 . The starch was used as a substitution of the structural water of chrysotile.
The mixing powders of the ternary components were dispersed into water and filtrated on a memblane filter, and pressed by oil-press machine with 25 kg/cm2 pressue. Standard calibration curves for the standard specimens obtained by the instrumental condition mentioned above, were shown in Fig. 2 The measured values showed considerable variation with the fibrils and the average The same specimen of acid treated chrysotile fibrils were also measured by X-ray fluorescence spectrography under the same instrumental condition used for the standard calibration in the Fig. 2 and 3 . The results were listed in Table 2 as the oxide form.
The total percent of the both oxide showed almost similar values of 80-81% for all the specimens. The remainder of 20-19% is considered to be H2O percent. These values were recalculated as SiO2(%)+MgO(%)=100(%) and shown in Fig. 5 . It was shown again that the Mg ions in the chrysotile fibrils dissolved rapidly into HCl solution, and that the Si ions showed apparent increase.
Comparing with the result of AEM analysis in Fig. 4 and that of X-ray fluorescence spectrometry in Fig. 5 , there is obvious tendency to increase in amount of Si and to decrease in amount of magnesium in acid treated chrysotile fibrils, in proportion as treated time was prolonged. Each point in Fig. 4 was averaged for a few separated chrysotile fibrils, while those of X-ray fluorescence spectrography were from a bulk of about 200 mg of chrysotile fibrils. Most of points in Fig. 5 fall within statistical variation of the corresponding points in Fig. 4 . Therefore, it can be said that the result of AEM agrees quite well with that of X-ray fluorescence spectrography. Hence, it can be concluded that the quantitative chemical analysis of single chrysotile fibril by AEM would be possible within the variations of a few percent, and it was achieved on a few fibrils. The absolute weight of the objective element in a specimen may also be able to be determined directly by this method.
Application for chrysotile fibrils in rat lung tissues
The quantitative analysis by AEM mentioned above, was applied to evaluate a The specimens used were obtained from the lungs of rats, which received single insufflation of 10 mg of chrysotile in 1 ml of saline suspension intratarcheally. Lungs from the rats sacrificed at 4 months and 28 months after injection were subjected to examination. Routine paraffin sections from those lungs were treated with the carbon extraction technique and were analyzed by AEM.22) The X-ray energy spectra from the rat lung tissues are shown in Fig. 6 . Table 3 shows the SiO2 and MgO contents of chrysotile fibrils in the rat lungs together with the ratio of MgO to SiO2 in these chrysotile fibrils. As can be seen in i) The core of asbestos bodies from a chrysotile worker's lung was recognized as chrysotile, of which frequently magnesium was leached out.
ii) Magnesium loss coupled with iron addition could be observed in chrysotile cores of Fig. 6 . The X-ray energy spectra for chrysotile fibril in rat lung observed by AEM. asbestos obtained from individuals whose exposure history was unknown.
iii) Large chrysotile fibers in asbestos bodies tend to retain chemical identity with chrysotile, whereas chemical degradation appears to effect fine chrysotile fibers.
iv) Amosite remains intact in lung for at least 10 years and large chrysotile fibers may also stay intact for long periods.
v) Uncoated asbestos fibers from the lungs of asbestos workers revealed decreased magnesium content for anthophyllite and amosite, while a slight iron increase was also noted in the same fibers, probably related to an incipient asbestos body formation.
On the other hand, the reactivity of asbestos minerals towards acids and alkalines in vitro is well known. Strong acids rapily decompose chrysotile with removal of all the MgO and H2O components, amounting to about 58% by weight. Reacting with strong acids, the whole (Mg OH) sheets in chrysotile is stripped off and chrysotile be- It can be assumed that remarkable changes in cation concentration in chrysotile could be resulted without any appreciable changes in the silicon content.
Actually on the same lungs in this report Koshi et al.23) (1974) demonstrated that chemically determined silica content was hardly variable up to 24 months after insufflation.
This suggests that silicon content of chrysotile fibrils may be regarded as constant in those rat lungs. Considering those facts, it will be concluded that silicon is remained unchangeably in chrysotile fibrils, but magnesium is reduced more easily during long lasting retention of chrysotile fibril in the rat lung. The recalculated values of MgO, assuming
SiO2 content is unchanged through the retention periods, are shown in Table 3 and Fig.   7 . It can be seen that more than a quarter of the whole MgO contents leached out from chrysotile fibrils by their residence of 28 months in the rat lung. These are observed by AEM.
A standard thin specimen, the thickness is already known, produces the characteristic X-ray intensity of a certain element as follows :
Ist= KƒÏWst ( 1 ) where the mass of the element (Wst) is already known and the Ist is measured as a standard intensity for the element in the standard.
On the other hand, the same relation is also valied for the unknown specimen, the thickness is not known ;
Iunk=KƒÏWunk ( 2 ) From (1) and (2) A is the probe intensity on the specimen measured by Faraday cage. lx and ly are the lengths of selected area reduced on cathod ray tube (CRT), and M is magnification on CRT. Ist and Iunk must be measured under the same accelerating voltage and current density of the electron probe. From this equation (3), if Iunk for a certain element in unknown specimen was obtained by analysis, the mass of the element, Wunk, would be obtained by the caliculation. In the area of the equation (1) being valid, if the object elements were distributed homogeneously over the area, or even if in homogeneously distributed, in either case the characteristic X-ray intensity would not be changed unless the weight of the object element is varied. That is, the absolute weight of the object elements can be determined without the influence of the thickness of the specimen or size of the small particle in the specimen.
